
among car occupants increased. And who were the
young car occupants killed in the east? If some were
West German residents (more likely to drive than
young former East Germans) the population denomi-
nators used in the study of Winston et al would need to
be reconsidered.

It is instructive also to look at other European
countries. In 1995 (latest available data) the rate of all
road deaths in men aged 15-24 was 40.3 per 100 000
in Germany, similar to the rate in West Germany
before unification (38.4 in 1989). Neighbouring Poland
had a rate in 1995 of 35.4, but in Greece it was 54.2. As
long ago as 1949 Smeed showed that, for all countries,
the road death rates per vehicle decrease as the
number of vehicles increases, with many factors
contributing, including driver experience and road
design.3 Car design, by contrast, does not necessarily
increase safety, especially for non-road users.

Yet emphasising injury prevention in car use
ignores the bigger picture. Before unification West
Germany had 7615 road deaths in 1989. Public trans-
port incurs fewer deaths per kilometre travelled than
do cars: reducing car ownership and promoting
integrated transport can shift travel back to bus and
rail. Promoting walking and cycling will have positive
health benefits.4 And reducing the use of cars will help
limit global warming and the effects which now
threaten us all.5

1 Morris J. The uses of epidemiology. Edinburgh: Churchill Livingstone,
1975:237.

2 World Health Organisation. World health statistics. Geneva: WHO, 1991-8.
3 Adams J. Risk and freedom. Cardiff: Transport Publishing Projects,

1985:24.
4 British Medical Association. Road transport and health. London: BMA,

1997.
5 Haines A, McMichael AJ. Climate change and health: the implications for

research, monitoring and policy. BMJ 1997;315:870-4.

Prevention of vertical transmission of HIV: analysis of cost
effectiveness of options available in South Africa
Neil Söderlund, Karen Zwi, Anthony Kinghorn, Glenda Gray

Abstract
Objective To assess the cost effectiveness of vertical
transmission prevention strategies by using a
mathematical simulation model.
Design A Markov chain model was used to simulate
the cost effectiveness of four formula feeding
strategies, three antiretroviral interventions, and
combined formula feeding and antiretroviral
interventions on a cohort of 20 000 pregnancies. All
children born to HIV positive mothers were followed
up until age of likely death given current life
expectancy and a cost per life year gained calculated
for each strategy.
Setting Model of working class, urban South African
population.
Results Low cost antiretroviral regimens were almost
as effective as high cost ones and more cost effective
when formula feeding interventions were added. With
or without formula feeding, low cost antiretroviral
interventions were likely to save lives and money.
Interventions that allowed breast feeding early on, to
be replaced by formula feeding at 4 or 7 months,
seemed likely to save fewer lives and offered poorer
value for money.
Conclusions Antiretroviral interventions are probably
cost effective across a wide range of settings, with or
without formula feeding interventions. The
appropriateness of formula feeding was highly cost
effective only in settings with high seroprevalence and
reasonable levels of child survival and dangerous
where infant mortality was high or the protective
effect of breast feeding substantial. Pilot projects are
now needed to ensure the feasibility of
implementation.

Introduction
Whereas paediatric HIV infection is on the verge of
being eliminated in the United States, in sub-Saharan
Africa it has become a common cause of admission to
hospital and a major contributor to childhood
mortality.1 The results of recent studies showing the
efficacy of short course antiretroviral treatment for the
prevention of vertical transmission of HIV in breastfed
and formula fed infants has led to debate around their
more widespread introduction internationally.2–4

For some years now, developed countries have had
in place cost effective methods to prevent the vertical
transmission of HIV.5 In developing countries, how-
ever, these interventions have not been offered on a
routine basis. The main reason for this is the perceived
high cost of transmission prevention programmes
rather than lack of evidence of effectiveness. Interven-
tions that seem to reduce vertical transmission in
developed and developing countries include substitu-
tion of formula feeding for breast feeding6 and admin-
istration of antiretroviral agents to mother and child
around the time of birth.2–4 7–9 Caesarean section
significantly reduces vertical transmission,10 although
cost effectiveness is not established even in developed
countries11 and it is unclear how feasible elective
caesarian sections are in areas with poor resources.
Other interventions, such as the use of vaginal antisep-
tics before delivery and the administration of vitamin A
with or without micronutrients, have yet to be conclu-
sively evaluated.12 13

For policymakers the health and economic benefits
of avoiding childhood HIV infection need to be
balanced against the costs of implementing vertical
transmission prevention programmes and any
adverse effects that may be incurred through such
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programmes.14 South Africa is no exception. With
more than 1 in 5 women attending antenatal clinics
nationally testing positive for HIV in 1998 (Depart-
ment of Health press release, February 1999), both the
benefits of infection avoided and the costs of interven-
tion are likely to be considerable and hence the penalty
for wrong decisions substantial. Many factors need to
be taken into account in considering this type of inter-
vention; some of these are outlined in the box.

This study sought to develop a method to inform
such decisions by using a mathematical simulation
model approach. The study objective was to compare
the likely cost effectiveness of different strategies to
prevent vertical transmission such as antiretroviral
treatment and artificial feeding alone and in combina-
tion in an urban working class population in South
Africa. While we believe that the model can be general-
ised to many settings globally, it was applied to this
particular context because of easy availability of verifi-
able data and the immediate requirements of
policymakers in South Africa.

Several evaluations of cost effectiveness in develop-
ing countries have been undertaken recently. Mar-
seilles and others15 and Mansergh et al16 did not assess
combined interventions and the latter study used HIV
infection rather than mortality as its outcome of inter-
est. Mansergh et al16 and Wilkinson et al17 estimated
cost effectiveness before the efficacy of the short course
treaments had been shown. The regimens were there-
fore more costly and more difficult to implement than
short course regimens, which have now been proved to
be effective.

Methods
We applied a Markov chain simulation model to the
problem outlined above. This approach attempts to
replicate the natural course of transmission and
disease by simulating transitions between discrete
disease states. In this case, unborn children were

assumed to progress from uninfected to infected to
dead states. The rates of transition between these states
were determined by environmental and interventional
parameters specified in the model. A cohort of 20 000
pregnancies occurring over a period of 1 year, reflect-
ing the approximate number of births in the
community studied, were simulated. The children from
these pregnancies born to HIV positive women were
followed either until their predicted age of death
according to current life expectancy data (for HIV
negative children) or until their death due to HIV
infection (for HIV infected children). Costs, morbidity,
and mortality were simulated for the birth cohort with
seven different intervention strategies and a control
strategy of no intervention (box). In addition, combina-
tions of the more favourable interventions were
modelled. Model transitions occurred on a monthly
basis for the first 9 years of life and then on an annual
basis until death. Model hazard functions generally fol-
lowed Weibull distributions that were fitted to best
available data from settings similar to the one under
study.

The model was applied to the Soweto community, a
black, urban, working class population of about 1 mil-
lion people located south west of central Johannes-
burg. The community is served mainly by a single
public hospital, the Chris Hani Baragwanath hospital,
which has over 3000 beds. As far as possible all data
were drawn to reflect this community and the hospital
serving it. Table 1 outlines the main model assump-
tions, and the full set of model inputs are detailed in
the BMJ website version of this paper. All costs are
expressed in US dollars (converted for South African
rands at the 1998 rate of R6 = $1) and where necessary
£ (at $1.5 = £1). More details on the derivation of cost
data are given elsewhere.26 Rates of use and associated
costs of health care for HIV infected children were
estimated from data recorded on all paediatric admis-
sions to the hospital between 1992 and 1997, during
which time the proportion of paediatric admissions
infected with HIV increased from 2.9% to 20%.27 The
denominator population of HIV infected children to
which these utilisation and cost data applied was calcu-

Potential benefits, costs, and adverse effects
associated with antiretroviral and formula
feeding interventions

Benefits of intervention
Lives saved
Morbidity averted and quality of life improvements
Prevention of costs of future health care related to
HIV infection
Decreased burden of care on families

Adverse effects of intervention
Increased anxiety associated with HIV positive status
Stigma attached to HIV positive status and social
consequences thereof
Spread of recommendation to formula feed beyond
mothers known to be infected with HIV
Abuse of antiretroviral drugs

Costs of intervention
Costs of screening and counselling
Costs of health worker training
Costs due to loss to follow up and poor compliance
with interventions
Costs of drugs for antiretroviral regimens
Mortality, morbidity, and healthcare costs associated
with formula feeding in HIV negative infants

Interventions assessed by simulation model
• Control—no intervention
• Counselling, screening, and, when mothers are HIV
positive:

• Formula feeding recommended from birth
• Formula feeding recommended from 4 months

only
• Formula feeding recommended from 7 months

only
• Formula feeding recommended from birth;

formula and bottles supplied
• ACTG076 regimen* (zidovudine before, during,

and after birth)8

• PETRA arm B regimen*† (zidovudine plus
lamivudine, during and after birth)

• CDC-Thai regimen* (zidovudine before and
during birth)18

*These assume that the relevant antiretroviral course
was followed, but no attempt was made to influence
feeding.
†Saba J, 6th conference on retroviruses and
opportunistic infections, Chicago, 1999.
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lated by using a simple survival model and data from
serology surveys of antenatal clinics from the
preceding 7 years.

The cost effectiveness of each intervention was
calculated relative to the control group as
(IC + NC − HC)/(LS*LE − LL*LE); where IC = inter-
vention costs, NC = healthcare costs because of
additional morbidity in formula fed children not
infected with HIV, HC = costs of HIV related care
avoided by preventing infections, LS = lives saved by
prevention of HIV infection, LL = lives lost because of
formula feeding in children not infected with HIV, and
LE = life expectancy.

Results were obtained in terms of costs per life year
saved. Future costs and benefits were discounted at a rate
of 5% per year.21 Health benefits and losses due to mor-
bidity avoided or caused were ignored as their effect was
negligible compared with that of mortality. Likewise,
costs to family members of caring for sick children were
not included because no data were available.

Results
One of the advantages of a Markov simulation approach
is that it allows simultaneous estimation of likely costs
and effectiveness associated with a given intervention.32

For simplicity, however, results are described here as
effectiveness, costs, and cost effectiveness.

Effectiveness of interventions
Effectiveness was measured in terms of discounted life
years saved and deaths averted.These represented the

difference in years of life achieved and deaths, respec-
tively, between the control and intervention popula-
tions. Figure 1 shows the net number of discounted
deaths averted for each year after birth of the simulated
cohort. The ACTG076 regimen is the most effective
antiretroviral regimen but is only marginally more
effective than the CDC-Thai regimen because of
relatively lower levels of uptake attributable to the long
and complicated administration requirements of the
ACTG076 regimen. Whereas the number of lives saved
from prevention of prepartum and intrapartum HIV
peak in the first year of follow up, the net deaths
prevented by formula feeding interventions tend to be
later on (the model suggests that they peak in year 2).
This is partly because of the later onset of HIV disease
and partly because lives saved by formula feeding in
the first year are offset by lives lost due to the lack of
protective effect of breast milk in HIV negative
children. The model suggests that options that recom-
mend breast feeding early on, with a change to formula
feeding after 3 or 6 months, save the least number of
lives as most HIV transmission through breast milk
seems to occur early on.2 33 34

Costs
The costs of administering each of the interventions
were estimated for 20 000 pregnancies over a 1 year
period. They include both annualised capital and
recurrent costs and have been broken down into the
costs of screening and counselling (which were
essentially the same for all interventions) and the costs

Table 1 Model parameters, data sources and values used in model

Parameter Source Values used

Base case data

HIV infection rates Department of Health and Population
Development 199619

15%

Infant mortality Harrison and Nielson 199520 35/1000 live births

Discount rate World Bank 199321 5%

Natural rates of breast feeding Wagstaff et al 199322; Ross et al 198323 Proportion who breast feed from birth=95%; likelihood of stopping
breast feeding/month=14%

Vertical transmission of HIV

Proportion of infants born to HIV positive mothers infected at birth:
no intervention

Gray et al 1997* 26%

Proportion of infants born to HIV positive mothers infected at birth:
antiretroviral interventions

Centers for Disease Control 199818; Mayaux et al
19979; Saba 1999†

CDC regimen=13% (50% reduction); ACTG076 regimen=8% (70%
reduction); PETRA regimen=16% (37% reduction)

Risk of transmitting the virus by breast feeding (cumulative): age
specific rates derived from Weibull decay curve

Gray et al 1997* Cumulative infection risk: 3 months=10%, 6 months=13%,
12 months=16%, 18 months=17%

Survival

HIV infected children: Weibull survival curve calibrated to survival
data from Uganda and South Africa (figures are numbers surviving
at end of period‡)

Spira and Msellati 1997§; Gray et al 1995¶ 1 year=66%, 2 year=46%, 3 year=33%, 4 year=24%, 8 year=9%

Uninfected children: life expectancy at birth Central Statistical Service 199724 66 years

Relative risk of mortality due to not breast feeding in HIV negative
children (relative risks of health care use assumed to be same as
for mortality)

Cunningham et al 199125** 0-3 months=2.5, 3-6 months=2.0, 6-12 months=1.5

Cost data

Unit costs of counselling, screening, antiretroviral drugs, and
formula feed

Kinghorn et al 199826 Counselling and screening=$7.30 (£4.86) per pregnant woman;
antiretroviral drugs=from $400 (£267) (ACTG076) to $89 (£59)
(PETRA regimen) per person; formula feed and bottles (6 month
period) $60 (£40)

Average public healthcare expenditure on HIV positive children Zwi 199927; Söderlund 199728; Söderlund and
Peprah 199829; Brown and van den Heever 199430

Range of 4 to 18 days of hospitalisation required per year depending
on age; cost of hospitalisation=$57 (£38) per day; cost of outpatient
attendances=$48–$183 (£32-£122) per year depending on age

Average public healthcare expenditure per HIV negative child Söderlund and Peprah 199829; ReHMIS dataset
199531; Brown and van den Heever 199430

1-12 months old =$72 (£48) per year; >1 year olds=$8.30 (£5.5)
per year

*Gray GE, McIntyre JA, Lyons SF, XIth international conference on AIDS, Vancouver, 1997. †Saba J, 6th conference on retroviruses and opportunistic infections, Chicago, 1999.
‡Use of Weibull distribution to model hazards implies that hazards were different for every month since birth. These were calibrated to cumulative survival data derived from sources mentioned;
calibration source figures are shown in right hand column. §Spira R, Msellati P. Care of HIV infected children in developing countries: a workshop for clinical research, Paris, 1997.
¶Gray GE, McIntyre JA, Pettifor JM, IXth international conference on AIDS and STD in Africa, Kampala, 1995. **It was not possible to extract exact figure from this review article because of
differences in nature of adverse events measured by different studies. Figures used represent reasonable estimate of overall risk of mortality on basis of review data.
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of the intervention itself, which included the costs of
antiretroviral drugs, additional monitoring tests
required, formula feeds, bottles, and staff time required
for administering interventions. Figure 2 shows these
costs, together with costs incurred because of increased
incidence of diseases other than HIV caused by
decreased breast feeding and savings due to illness
prevented from HIV infection. The ACTG076 regimen
is the most costly strategy by a considerable margin,
and more than 80% of costs are due to expenditure on
antiretroviral drugs and their administration. All of the
strategies involving formula feeding from birth result
in considerable costs because of disease other than
HIV. Cost savings due to HIV infection averted are in
line with relative effectiveness estimates.

Cost effectiveness
The cost effectiveness of each of the interventions is
given in table 2. The World Development Report sug-
gested that interventions costing less than $100 (£67)
per life year saved are cost effective for middle income
countries.21 Cost effectiveness is estimated for indi-

vidual and combined interventions. The CDC-Thai
regimen alone and the CDC-Thai combined with for-
mula feeding from birth at least pay for themselves in
terms of costs of care avoided. The delayed formula
feeding strategies do not seem to be particularly cost
effective. The intrapartum and postpartum PETRA
regimen is less cost effective than the CDC-Thai
regimen but in overall terms still represents good value
for money. It does not require antiretroviral treament
until labour and might thus be the most feasible option
when women present late in pregnancy or in labour.

Table 3 presents a one way sensitivity analysis for six
model inputs: rates of antenatal seroprevalence, infant
mortality, relative risk of death due to not breast feeding,
cost of antiretroviral drugs, levels of expenditure on
child health services, and uptake of antenatal HIV
screening. The cost effectiveness of interventions is most
sensitive to differences in rates of antenatal seropreva-
lence, with all showing improved cost effectiveness as
rates increase. Formula feeding strategies are especially
sensitive to rates of seroprevalence. When breast feeding
is associated with a strong protective effect or when
infant mortality exceeds around 70-140 per 1000,
formula feeding interventions are contraindicated. The
CDC-Thai and PETRA regimens are cost saving even at
1997 market prices in South Africa, and the reduction of
antiretroviral prices to a quarter of their current level
would make even the ACTG076 regimen reasonably
cost effective. Model results are moderately sensitive to
changes in expenditure on child health services. In our
study population, if the level of spending were one quar-
ter of what it currently is, the low cost antiretroviral regi-
mens would still cost less than $100 (£67) per life year
saved. Interestingly, the cost effectiveness of formula
feeding interventions tends to worsen as levels of
expenditure increase because of the costs associated
with treating increased illness in HIV negative children.

An incremental cost effectiveness analysis (table 4)
shows the additional costs incurred and lives saved by
changing to successively more effective (and expensive)
intervention strategies. Changing from the cheapest
antiretroviral treatment (PETRA) to the CDC-Thai
regimen results in savings in terms of both lives and
costs, as does adding a recommendation to formula
feed. Providing formula in addition to simply
recommending formula feeding is relatively expensive,
however, at almost $1000 (£667) per extra life year
saved. Substituting the more effective ACTG076
antiretroviral regimen for the CDC-Thai one would
save one extra life year for every $4000 (£2667) spent.

Discussion
We have attempted to develop a generally applicable
simulation model for assessing the effectiveness and
cost effectiveness of interventions to prevent mother to
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Fig 2 Costs of interventions, HIV cases prevented, and disease other
that HIV caused by each intervention for simulated cohort of 20 000
pregnancies ($1.5=£1)

Table 2 Cost effectiveness (in $) of interventions assessed ($1.5=£1)

Detail
Formula

recommended
Breast feed
to 3 months

Breast feed
to 6 months

Formula
supplied ACTG076 PETRA CDC

CDC + formula
recommended

CDC + formula
supplied

Total deaths averted 26 25 5 37 200 124 160 188 200

Total life years saved 461 449 98 661 3655 2260 2926 3434 3654

Total cost (000s) 92 116 108 218 488 31 -5 -66 134

Cost per death averted 3600 4700 20 052 5967 2441 252 CS CS 669

Cost per life year saved 200 258 1 111 331 134 14 CS CS 37

CS=cost saving.

Papers

1653BMJ VOLUME 318 19 JUNE 1999 www.bmj.com



child transmission of HIV and to apply this to a
particular context with which we were familiar. We are
confident that administration of a low cost antiretrovi-
ral regimen or advocating formula feeding for infants
of HIV infected women, or both, would save lives and,
in many cases, save money as well. Provision of formula
feed seems to be relatively expensive given the modest
increase in effectiveness that it generates. The delayed
formula feeding strategies and the ACTG076 regimen
have little to recommend them in South Africa. By
comparison, however, a recent report estimates that
triple antiretroviral treament for HIV disease costs
about $10 000 (£6667) per life year saved, adjusted for
disability.35

Affordability and feasibility
Aside from cost effectiveness, issues to consider in the
introduction of antiretroviral interventions into health
systems include affordability, availability of human
resources, and infrastructure, equity, and acceptability.
It has been estimated that the cost of setting up and
running a programme to provide the CDC-Thai
regimen to HIV infected women in South Africa at a
national level is less than 0.5% of the health budget.26

Combined with our assessment that the intervention is
likely to be cost saving, and the enormous social,
economic, and health system burden imposed by
having to care for sick children infected with HIV,
such absolute cost levels tend to refute the claim of

Table 3 Sensitivity analysis. Figures are cost (in $) per life year saved ($1.5=£1)

Detail
Formula

recommended
Breast feed
to 3 months

Breast feed
to 6 months

Formula
supplied ACTG076 PETRA CDC

CDC + formula
recommended

CDC + formula
supplied

Antenatal HIV seroprevalence (%):

0.1 34 319 35 175 161 533 24 183 4462 6983 5393 4608 4393

1 3 580 3 624 16 351 2 726 583 712 548 478 511

2 1 860 1 865 8 273 1 523 365 360 276 244 291

5 794 793 3 394 771 225 141 104 92 146

10 383 409 1 715 471 165 54 33 21 77

15 200 258 1 111 331 134 14 CS CS 37

20 74 166 775 230 109 CS CS CS 4

30 CS 41 374 67 68 CS CS CS CS

40 CS CS 107 CS 30 CS CS CS CS

Infant mortality (change relative to base rate):

0.25 129 146 380 92 132 14 CS CS 25

0.5 147 168 469 121 133 14 CS CS 28

1 200 258 1 111 331 134 14 CS CS 37

2 701 DC DC DC 135 14 CS CS 109

4 DC DC DC DC 139 14 CS DC DC

Relative risk of death in non-breastfed, HIV negative children (change relative to base rate):

0.5 121 151 482 113 135 14 CS CS 27

1 200 258 1 111 331 134 14 CS CS 37

2 DC DC DC DC 131 13 CS CS 142

4 DC DC DC DC 125 13 CS DC DC

Cost of antiretroviral drugs (change relative to base rate):

1 200 258 1 111 331 134 14 CS CS 37

0.5 200 258 1 111 331 51 CS CS CS CS

0.25 200 258 1 111 331 9 CS CS CS CS

Expenditure on health services for HIV negative and positive children (change relative to base rate):

0.25 151 256 1 361 287 206 86 71 35 86

0.5 167 257 1 277 301 182 62 46 17 69

1 200 258 1 111 331 134 14 CS CS 37

2 266 261 777 389 37 CS CS CS CS

4 397 266 110 506 CS CS CS CS CS

Uptake of screening (proportion of women accepting):

0.25 DC 3 610 DC 6 935 182 92 59 35 129

0.5 518 506 DC 583 148 38 16 CS 62

0.75 253 308 1 877 379 137 20 3 CS 43

0.9 200 258 1 111 331 134 14 CS CS 37

1 177 236 893 309 132 11 CS CS 34

CS=cost saving. DC=net increase in deaths (death causing).

Table 4 Incremental cost effectiveness analysis of most favourable interventions

Detail
PETRA regimen

(option 1)
Change to CDC regimen from

option 1 (option 2)
Add formula feeding recommendation

to option 2 (option 3)
Provide free formula for

option 3 (option 4)
Substitute ACTG076 for CDC

regimen in option 2 (option 5)

Extra deaths averted 124 36 28 12 40

Extra life years saved 2260 666 508 220 730

Extra cost ($ 000s) 31 −37 −61 200 2 962

Cost per additional death averted ($) 252 −286 −2151 16 510 74 202

Cost per additional life year saved ($) 14 −16 −119 910 4 059

($1.5-£1)
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Wilkinson et al that strategies to prevent transmission
of HIV are unaffordable in South Africa.17

Furthermore, primary healthcare clinics and
hospitals in urban and much of rural South Africa
probably already have the capacity to do rapid testing
and implement short course oral antiretroviral
treatment. Healthcare workers will need additional
training on education about HIV, infant feeding
practices, and skills required for counselling before and
after HIV diagnosis, and these have been included in
the costs incurred in our model. A number of
challenges are likely to remain in implementing such a
programme, including overburdened clinic staff, issues
surrounding confidentiality and disclosure, and secu-
rity around the distribution of drugs or formula feeds,
or both. Our data support the need for piloting such
interventions to understand feasibility and acceptabil-
ity issues better.

Setting up an intervention to reduce vertical trans-
mission of HIV may have important secondary
benefits, including opportunities to reduce further
heterosexual transmission by motivating women to
practise safer sex, preventing acquisition of HIV infec-
tion in those identified as negative, and protecting
partners in those who are positive. Knowledge of the
risk of transmission to the babies of HIV infected
women allows for vigilant follow up care of the infants
and prophylactic medication to prevent opportunistic
infections. These benefits have not been quantified in
developing countries and hence are not included in
the model.

Critics have raised the problem and the associated
costs of increased numbers of orphans if children are
protected from perinatal transmission. Infected chil-
dren, whether they are orphans or not, however, incur
substantial costs to the health system because of
repeated admissions, longer length of hospital stay and
survival up to 5 years of age in many cases.27–30 Even if
children are orphaned they will incur less cost to the
state and remaining relatives (who are their most likely
carers) if they are uninfected with HIV.

Generalisation of results
The generalisability of our results is best illustrated by
sensitivity analyses. Settings with low rates of HIV
infection would seem to be the most obvious relative
contraindication to intervention for economic reasons.
Elimination of breast feeding in settings with high
infant mortality or where there is a strong protective
effect of breast feeding would not be recommended as
more deaths would be caused than saved by formula
feeding. We believe, however, that regardless of setting
women who test positive for HIV during pregnancy
should be given information to enable them to make
an informed decision as to how to feed their infants.
The antiretroviral interventions were generally more
robust in the face of changes in the various settings,
with or without formula feeding. Recently published
results from an antiretroviral trial in breastfeeding
women support this finding.2 The scope of this paper
does not allow description of all possible combinations.
We would encourage anyone interested in applying the
model to local conditions to contact the authors
directly.

While mathematical models are useful in highlight-
ing the key determinants of an intervention’s likely

suitability, they cannot deal with either feasibility or
unexpected adverse effects that may occur. In South
Africa, where HIV seroprevalence is high, infant
mortality is generally below 50/1000, there is a high
level of spending on HIV infected children, and the
infrastructure is relatively sophisticated, it would seem
inadvisable to delay piloting such an intervention.
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Universal HIV screening of pregnant women in England:
cost effectiveness analysis
M J Postma, E J Beck, S Mandalia, L Sherr, M D S Walters, H Houweling, J C Jager

Abstract
Objective To estimate the cost effectiveness of
universal, voluntary HIV screening of pregnant
women in England.
Design Cost effectiveness analysis. Cost estimates of
caring for HIV positive children were based on the
stage of HIV infection and calculated using data
obtained from a London hospital between 1986 and
1996. These were combined with estimates of the
health benefits and costs of antenatal screening so
that the cost effectiveness of universal, voluntary
antenatal screening for HIV infection in England
could be estimated.
Main outcome measures Lifetime, direct costs of
medical care of childhood HIV infection; life years
gained as a result of the screening programme; net
cost per life year gained for different pretest
counselling costs; and different prevalence rates of
pregnant women who were unaware that they were
HIV positive.
Results Estimated direct lifetime medical and social
care costs of childhood HIV infection were £178 300
using a 5% discount rate for time preference (1995-6
prices). In high prevalence areas screening pregnant
women for HIV is estimated to be a cost effective
intervention with a net cost of less than £4000 for

each life year gained. For areas with comparatively low
prevalence rates, cost effectiveness could be less than
£20 000 per life year gained, depending on the
number of pregnant women who are unaware that
they are infected and local screening costs.
Conclusions Our results confirm recent
recommendations that universal, voluntary antenatal
HIV screening should be implemented in the London
area. Serious consideration of the policy should be
given for other areas in England depending on local
prevalence and screening costs.

Introduction
In England the uptake of antenatal HIV screening is
comparatively low despite the existence of guidelines
on antenatal screening for pregnant women.1 Detec-
tion of HIV infection in pregnant women allows the
risk of mother to child transmission to be reduced.2–4

This study analyses the cost effectiveness of an
antenatal HIV screening programme.

Methods
We assessed the cost effectiveness of universal,
voluntary HIV screening of pregnant women in
England in terms of healthcare costs to the NHS. A
staged, progression of disease model was developed
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